1. Introduction {#sec1}
===============

In recent era the plant metabolites are used for their medicinal properties in various forms. Titerpenoids are the key plant derived secondary metabolites with its unique C30 subset along with chiral structure, arjunolic acid a 6,6,6,6,6-pentacyclic triterpenoid, containing a rigid pentacyclic backbone with functional groups like hydroxyl and carboxyl groups at opposite trimmings of the pentacyclic framework particularly two hydroxyl and one hydroxymethyl group attached to the 1^st^ ring. In Pentacyclic backbone the 1--2, 2--3 & 3--4 rings are trans fused while the 4--5 rings are cis fused \[[@bib1], [@bib2], [@bib3]\].Arjunolic acid (AA) mainly derived from the *Terminaliaarjuna* (arjuna), a plant known for its beneficial effect as ayurvedic plant from ancient times to this modern times for its diverse biological aspects. AAacts as an anti-oxidant, free-radical-scavenger, anti-inflammatory, anti-platelet aggregation, hypolipidemic, anti-necrotic, anti-apoptotic*,* wound healing, antimicrobial, cardio protection, anti tumour etc. \[[@bib4], [@bib5]\].

Beside these above mentioned properties the AA was found from other sources likes *Syzygiumguineense* \[[@bib6]\],*Campsisgrandiflora* \[[@bib7]\], *Combretumnelsonii* \[[@bib8]\],*Cochlospermumtinctorium* \[[@bib9]\], *Leandrachaetodon* \[[@bib10]\],*Cornuscapitata* \[[@bib11]\], *Combretumleprosum* \[[@bib2], [@bib12]\]. etc.as a secondary metabolites.

Cancer is a worldwide buddingdisease and the one of leading case of human mortality. It showed uncontrolled cell growth associated with loss of normal cellular function and deregulation of apoptosis. In 2018 there are 9.6 million people were deadby the cancer and was a major cause of 1 of 6 death, and new cancer cases took place on that year was 18.1 million due to our lifestyle and environmental changes \[[@bib13]\]. In woman population throughout the world breast and cervical cancer are very common and foremost problem. There are the many chemotherapeutic agents in market to treat the cancer but the toxicity of these drugs towards normal cell is very high. So introduce of a noveldrug which is derived from plant may be a potent candidate to treat the cancer \[[@bib13]\].

The titerpenoids of *T. arjuna*. showed anticancer activity againstand human oral (KB), ovarian (PA1) and liver (HepG-2 and WRL-68) cancer cell line *in vitro* model and inhibiting different type of solid tumors (Leukemia P 388, Brain SF-295, Renal A-549, Gastric HGC-27,ovary SK-OV-3, SKMEL-2, HCT 15, XF-498) \[[@bib14]\]. AA the active ingredients of *T. arjuna*. showed anticancer role against Ehrlich ascites carcinoma (EAC) and Dalton\'s lymphoma (DL) in mice model \[[@bib15]\].

2. Methods &matarials {#sec2}
=====================

2.1. Culture media and chemicals {#sec2.1}
--------------------------------

Arjunolic acid (AA), Ethidium Bromide (EtBr), Acrylidinorage (AO) 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT reagent), fetal bovine serum (FBS), Histopaque 1077, were procured from Sigma (St. Louis, MO, USA). Minimum Essential Medium (MEM), RPMI 1640, sodium chloride (NaCl), sodium carbonate (Na~2~CO~3~), penicillin, streptomycin, sucrose, Hanks balanced salt solution, and ethylene diamine tetra acetate (EDTA) were purchased from Himedia, India. NaOH, HCl, Gellatine, formaldehyde, Naphthylethylenediamine dichloride, alcohol and other chemicals were purchased from Merck Ltd., SRL Pvt. Ltd., and Mumbai, India. Commercially available dimethyl sulfoxide (DMSO) was procured from Himedia, India and all other chemicals were from Merck Ltd., SRL Pvt. Ltd. of its highest grade (purity) available.

2.2. Preparation of renewable AA nanoparticles & Physical measurements of drug {#sec2.2}
------------------------------------------------------------------------------

Preparation of renewable AA nanoparticles & Physical measurements of drug

AA was obtained in pure form following a procedure developed in our laboratory \[[@bib1]\]. In brief, arjuna-bromolactone was dissolved in glacial acetic acid (105 ml) and the solution was treated with zinc dust (8.34 g, 127.6 mM) and stirred at room temperature. The development of the reaction was done by HPLC. After stirring for 30 min, the reaction mixture was filtered and washed with glacial acetic acid (15 ml). Cold water was added to the filtrate resultingprecipitate further filtered and washed with water then allowed to dry which comes to white solid arjunolic acid (3.0 g, 97%). The self-assembled arjunolic acid was characterized by Transmission electron microscopy (TEM), scanning electron microscopy (SEM), Optical microscopy, The hollow structure of the vesicular self-assemblies of renewable nano sized arjunolic acid was proved by optical microscopy \[[@bib16], [@bib17]\].

2.3. Collection of peripheral blood lymphocytes (PBL) {#sec2.3}
-----------------------------------------------------

Peripheral blood Lymphocytes (PBL) were collected from six human volunteers with physically healthy, disease free and not going through any medication. As per Helsinki the study was done \[[@bib18]\].

As per Hudson and Hey description, 5 ml of blood collected from the volunteers by vein puncture process and took on a EDTA containing 1ml centrifuge tube, then Histopaque1077 (Himedia) was added carefully at a ratio of 1:3 and allowed tocentrifuged with 1450 rpm for 40 min at 37 °C. After centrifugation the buffy coat are separated by using pipette and washing with PBS three times and re suspend on RPMI culture media and kept in CO~2~ incubator to fulfil the exact environment which was required for cell culture (95% air 5% CO2) \[[@bib19]\].

3. Cell lines culture and maintenance {#sec3}
=====================================

Two types of cancer cell lines, Breast cancer (MCF-7) & cervical cancer (HeLa) cell lines were obtained from Jadavpur University (India) and cultured *in vitro* in DMEM media supplemented with heat inactivated FBS(10%), antibiotic solution and kept in a CO~2~ incubator containing a mixture of 5% CO~2~ with 95% humidified air to achieve its exponential population by which the further experimental process was done \[[@bib20]\].

3.1. Selection of dose& duration by *In vitro* cell viability assay {#sec3.1}
-------------------------------------------------------------------

The Cell viability experiment was done by MTT assay with the cell population of 2 × 10^6^ by using tetrazolium salt which is known as MTT (3-\[4,5-dimethylthiazol- 2-yl\] -2,5-diphenil-tetrazolium bromide), it is known for its staining activity of live mitochondria. After 24 h cell culture was performed with AA at different doses (1, 5, 10, 25, 50, 100 μg/ml). The cultivated cells were allowed to expose MTT solution for 2h 30 min, after that all cells were lysed using 15 min treatment of DMSO. Then the O.D.was measure by using ELISA reader at 570 nm \[[@bib21]\].

The death percentage calculations were done by using the following formula:- % Cell death = \[(OD control -- OD sample)/OD control\] X 100.

All the experiments were done in triplicate.

3.2. Drug uptake assay {#sec3.2}
----------------------

Drug uptake assay was done by tagging the florescence dye Rhodmine B with the 1 ml AA of 50 μg/ml in DMSO-H2O mixture was mixed with 25μl (1 mg/ml) of Rh-B was allowed to stirrer in magnetic starrier for 24hrs then the conjugated AA was collected by centrifugation at 4 °C and washed with de-ionized water to remove the un-conjugated Rh-B. Finally the Rh-B labelled AA was allowed to incubate with the cells. After the incubation period the cells were washed with PBS and observed under the fluorescence microscope (Nikon) \[[@bib22]\].

3.3. Determination of GSH {#sec3.3}
-------------------------

To estimate the reduce GSH the treated cells were lysed with triton mixed with trichloroacetic acid (25%) and after the mixing allowed to centrifuge 15 min at 2000 rpm to precipitate the protein and the supernatant was collected to diluted with PBS (sodium phosphate buffer, 0.2 M, pH 8.0). To make the volume 1ml, 2ml (0.6mM) was added and kept for 10 min at room temp. After that O. D. was measured at 405nm \[[@bib23]\].

3.4. Determination of oxidized glutathione (GSSG) level {#sec3.4}
-------------------------------------------------------

To estimate the oxidized glutathione or GSSG the treated cells were lysedand added 2μl of vinylpyidine, allowed to incubate for 1 h at 37^*◦*^C then 4% sulfosalicylic acid was added with the mixture to de-proteinize the cells. Then centrifugation at 2000rpm for 10 min performed to settle down the protein. The supernatant mixed with DTNB(0.6mM) and allowed to take O.D. immediately at 405nm \[[@bib23]\].

3.5. ROS measurements {#sec3.5}
---------------------

For determination of intercellular reactive oxygen species generation we incubated DCFH~2~DA 1 μg/ml stain with the treated cells for 30 min. After treatment the cells were washed 3 times with PBS and the DCF fluorescenceintensity was measure under the fluorescence microscope \[[@bib24]\].

3.6. Pre-treatment with N-Acetyl- L-Cysteine and pentoxifylline {#sec3.6}
---------------------------------------------------------------

To check out the involvement of ROS for the cell death, wepre treated the cells with N-acetyl- L-cysteine (NAC) in 5 mM for 5hrand independently in another group pre treatment with 1 mMpentoxifylline (POF- a potent TNF-α inhibitor) for 24hr before drug treatment wasconducted \[[@bib25]\]. After pre treatment the cells were underwent through 24 hrtreatment schedule with AA (50 μg/ml)then the cell viability assay was done as previously said.

3.7. Morphological analysis by double staining with acridine orange (AO)--Ethidium bromide (ETBR) {#sec3.7}
-------------------------------------------------------------------------------------------------

To find out the possible mechanisms of cell death after the completing the treatment the cells were at first washed with the PBS and stained with double stain by adding 10 μl each of acridine orange (AO-50 μg/ml) and ethidium bromide (EtBr-50 μg/ml). After staining the cells were washed with PBS and observed under fluorescencemicroscope \[[@bib26]\].

3.8. Nuclear morphology assessment using DAPI stain {#sec3.8}
---------------------------------------------------

The nuclear morphology changes were detected by using DAPI stain, in brief thetreated cells were incubatedfor 5 min with 1 μg/ml DAPI at 37 °C. Then cells were washed with PBS and examined under the fluorescence microscope \[[@bib27]\]**.**

3.9. Measurement of pro-inflammatory and anti-inflammatory cytokine level by ELISA {#sec3.9}
----------------------------------------------------------------------------------

According to the manufacturer\'s procedure (Human ELISA Ready-SET-Go, E-bioscience, India) the different cytokines level (TNF- α, IL-12, IL-10 and TGF-β) were measured using ELISA kit after drug treatment in serum/FBS free 1ml culture media for 24hr. After treatment the supernatant 100μl from culture plate was taken for cytokine level estimation by ELISA method. The results (O.D. of different groups) were taken by using Bio-Rad ELISA micro plate reader \[[@bib28]\].

3.10. Protein estimation {#sec3.10}
------------------------

Proteins were estimated as per Lowey method and BSA taken as standard \[[@bib29]\].

3.11. Statistical analysis {#sec3.11}
--------------------------

The all data were presented as mean value ± SEM, n = 6, Comparison between two groups were analysed by using Origin 6.1, p \< 0.05 as a limit of significance.

4. Results {#sec4}
==========

4.1. Cell viability assay {#sec4.1}
-------------------------

In this experiment *in vitro* cell viability study by MTT assay showed that the self assembled arjunolic acid (SA-AA) exhibited as a potent anticancer drugby decreasing of the intensity of stained live mitochondria is directly indicate the increase amount of cell death. The SA-AA killed breast cancer (MCF-7) ([Figure 1](#fig1){ref-type="fig"}a) and cervical cancer (HeLa) ([Figure 1](#fig1){ref-type="fig"}b) in a dose respective manner. SA-AA treated with 25 μg/ml, 50 μg/ml and 100 μg/ml respectively killed MCF-7 cells by 57.77%, 66.98%, 87.79% and HeLa cells by 66.04%, 79.34%, and 88.72%. Due to impressive anticancer activity simultaneously the normal cell toxicity was assessedbecause there are many anticancer drugs but their main drawback is cellular toxicity or side effects to the other organ or other non cancerous cell. We observed that nano sized SA-AA is good bio compatible drug ([Figure 1](#fig1){ref-type="fig"}c) and at 25 μg/ml, 50 μg/ml and 100 μg/ml dose the viable lymphocyteswere 92.27%, 90.45%, 88.76%respectively. So this drug showed low toxicity towards lymphocytes. From this study we assumed that the 50 μg/ml concentration of SA-AA can be used for anticancer activity.Figure 1a) Does dependent anticancer eficacyof Arjunolic acid against MCF-7. b) Does dependent anticancer eficacyof Arjunolic acid against HeLa. c) Normal cell toxicity of Arjunolic acid in adoes dependent manner. Values has been expressed as a Mean ± SEM where P value \< 0.05. All the experiments have done in triplicate.Figure 1

4.2. Drug uptake {#sec4.2}
----------------

In this study we observed that the Rhodamin B (Rh-B) conjugated self assemblednano size Arjunolic acid (SA-AA) successfully entered into both cancer cells MCF-7&HeLa cell. The images showed that radish vesicle structure in the cells observed under fluorescence microscope which was Rh-B conjugated SA-AA ([Figure 2](#fig2){ref-type="fig"}).Figure 2Rhodamincongugated Drug uptake of MCF-7 and HeLa cells (respectively upper and Lower groups) where A,C were control group and B,D were treated group.Figure 2

4.3. Examination of cellular redox status (GSH and GSSG level) {#sec4.3}
--------------------------------------------------------------

SA-AA treated MCF-7 and HeLa cells showed the imbalance of cellular redox balance, decreased of GSH and increased of GSSG level compared with the control group significantly where P \< 0.05.

From result it was found that in MCF-7, SA-AA (50 μg/ml) treatment significantly (p \< 0.05) decreased GSH level ([Figure 3](#fig3){ref-type="fig"}a) by 8 folds and significantly (p \< 0.05) elevated GSSG level ([Figure 4](#fig4){ref-type="fig"}a) by 5folds as compared to control. Treatment with SA-AA (50 μg/ml) in HeLa showed decreased GSH level ([Figure 3](#fig3){ref-type="fig"}b) by 7.9 folds and increased GSSG level ([Figure 4](#fig4){ref-type="fig"}b) by 4.28 folds as compared with control and the in normal cells there is no significant change on GSH and GSSG (Figures [3](#fig3){ref-type="fig"}a and [4](#fig4){ref-type="fig"}a).Figure 3Estimation of GSH level. a) Arjunolic acid against normal lymphocytes. b) Arjunolicacid againstHeLa. c) Arjunolic acid against MCF-7. Values has been expressed as a Mean ± SEM where P value \< 0.05. All the experiments have done in triplicate.Figure 3Figure 4Estimation of GSSG level. a) Arjunolic acid against normal lymphocytes. b) Arjunolicacid againstHeLa. c) Arjunolic acid against MCF-7. Values has been expressed as a Mean ± SEM where P value \< 0.05. All the experiments have done in triplicate.Figure 4

4.4. Estimation of cellular ROS level {#sec4.4}
-------------------------------------

Intracellular reactive oxygen species level was shown in [Figure 5](#fig5){ref-type="fig"}. It was found that the treatment with SA-AA (50 μg/ml) elevated cellular ROS level than the control group in MCF-7 ([Figure 5](#fig5){ref-type="fig"}b) & HeLa ([Figure 5](#fig5){ref-type="fig"}d) cells respectively. It means SA-AA treatment elevated the ROS generation in cellular level.Figure 5ROS estimation of MCF and HeLa cells (respectively upper and Lower groups) where A,C were control group and B,D were treated group.Figure 5

4.5. Et Br-AO double staining for cell morphology study {#sec4.5}
-------------------------------------------------------

The double staining by EtBr/AO Showed that the Control group of bothcancer cells MCF-7 and HeLa cells remained in greenish fluorescence which indicates the live cell population where as when the cancer cell treated with the SA-AA in 50 μg/ml does for the cell population emitted orange redish-orange colour which exhibited the most of cancer cells are underwent to apoptosis due to exposure of SA-AA.

Morphological study seemed that the AA treated group on MCF-7 ([Figure 6](#fig6){ref-type="fig"}b) & HeLa ([Figure 6](#fig6){ref-type="fig"}d)cancer cellshowed orange coloured cells and significantly presence of apoptotic bodies and membrane blabbing that of the reddish colour and disappearing of greenish cell population which primarily indicated the cell killing through the apoptosis not necrosis.Figure 6EtBr-AO double staining of MCF and HeLa cells (respectively upper and Lower groups) where A,C were control group and B,D were treated group.Figure 6

4.6. Nuclear morphological changes using DAPI staining {#sec4.6}
------------------------------------------------------

The nuclear specific fluorescence stain DAPI, binds strongly to A-T rich regions of DNA andemitted blue fluorescence light under fluorescence microscope when placed under uv light, which directly shows the morphological condition of the nucleus. This staining represented the, changes associated with nuclear damage and apoptosis occured in MCF-7 &HeLa cells treated with the SA-AA. In fluorescence study it was evidentlyproved that the treatment with SA-AA caused morphological changes like nuclear fragmentation and chromatin condensation upon MCF-7 ([Figure 7](#fig7){ref-type="fig"}b) & HeLa cells ([Figure 7](#fig7){ref-type="fig"}d).Figure 7Nuclear fragmentation of MCF-7 and HeLa cells (respectively upper and Lower groups) where A,C were control group and B,D were treated group.Figure 7

4.7. Changes inCytokine level {#sec4.7}
-----------------------------

After treatment with the SA-AA it was noted that the SA-AA reduced the anti apoptotic cytokines IL-10 and TGF-β in case of two types of cancer cell lines. IL-10 reduced by 2.8 folds in MCF-7 and 3.1 folds in HeLa cells compare with the untreated group, TGF-β decreased 2.6 folds in MCF-7 and 2.9 folds in HeLa cells compared with the untreated group. Whereas SA-AA elevated pro-apoptotic cytokines levels. IL-12 increased 1.8 folds in MCF-7 and 2 folds in HeLa cells compare with the untreated group, TNF-α increased 2.2 folds in MCF-7 and 2.1 folds in HeLa cells compared with the untreated group ([Figure 8](#fig8){ref-type="fig"}).Figure 8Cytokine analysis on MCF-7 and HeLa cell lysate after the treatment with arjunolic acid a) IL-10 b) TGF-β, C) IL-12, d) TNF-α. Values has been expressed as a Mean ± SEM where P value \< 0.05. All the experiments have done in triplicate.Figure 8

4.8. Pathway detection through NAC & POF treatment {#sec4.8}
--------------------------------------------------

In both two type of cancerous cell the study showed that the pre treatment with NAC protects the cell to avoid cellular death. After exposure of SA-AA (50 μg/ml) in both group Pre treatment with NAC which is a ROS quencher, reduced the cancer cell death to 47.45% and 46.64% respectively in MCF-7 and HeLa cells whereas without NAC protection the cell death was 66.98% and 79.34% respectively in MCF-7 and HeLa ([Figure 9](#fig9){ref-type="fig"}).Figure 9Cell viability changes after blocking with NAC and POF on a)MCF-7 & b) HeLa. Values has been expressed as a Mean ± SEM where P value \< 0.05. All the experiments have done in triplicate.Figure 9

NAC known as ROS quencher it indicated NAC inhibited the ROS production by SA-AA, Sowe can assumed that SA-AA attacked the cancerous cell on its ETC chain and producedROS which provoked the nuclear and membrane damage leads to cell death.

In case of pre treated with POF a potent TNF-α blocker, on POF protected SA-AA exposure in MCF-7 and HeLa cell. The cell viability wasrestored, it means it protected the cell death of MCF-7 &HeLa cells by 48.87% and 43.72% respectively whereas the only SA-AA treated group killed 66.98 and 79.34%respectively ([Figure 9](#fig9){ref-type="fig"}). So, it seemed that the SA-AA actsthroughTNF-α.

5. Discussion {#sec5}
=============

Nowadays, cancer is considered as a human tragedy and one of the most prevalent diseases in the world, and its mortality is being increased and there are necessity to evolve a new strategy to treat cancer \[[@bib30], [@bib31]\] but much of them shows toxicity to the normal cell \[[@bib32]\]. In this purposeto reduce the toxicity Plant products (secondary metabolites) are often considered as safe. Our study showed that the AA is a pentacyclictriterpinoids which was isolated from the bark of *Terminaliaarjuna* which wasself-assembled and successfully entered into the cancer cell due to self-assemblednano sized structure \[[@bib33]\].

In the present study we have extracted AA from by extraction method \[[@bib1]\]. The self-assembled property of AA was prepared when it was mixed with DMSO and water with a ratio of 16:4. The unique property of AA arised due to its molecular interaction between each other which make it vesicle structure SA-AA \[[@bib34]\].

Here from the MTT/cell viability assay we observed that the SA-AA posses a good anticancer effect with no or minimum toxicity on PBL (9.75 %). Hela cell killing activity (79.34%) was higher than the MCF-7 cells (66.98%) compared to control group after the 24 h treatment at 50 μg/ml dose.

GSH and GSSG level maintained the homeostatic level in our system, protects from free radicals and toxic substances. In pathological condition GSH converted to GSSG by oxidation. Present study shows that the SA-AA exhibitedanti-proliferative effect on MCF-7 and HeLa cell line by reducing GSH level and increasing GSSG level by conversion GSH to GSSG due to free radical generation which damaged the different cellular organelles and hampers the ETC system which leads to cancer cell death \[[@bib35], [@bib36], [@bib37]\].

Effect free radical generation after the treatment with AA also supported by DCFH~2~DA staining, a ROS generation marker \[[@bib38]\]. It was observed that the in 50 μg/ml SA-AA caused the elevation of ROS generation significantly than the control; it may be the interaction of hydroxyl and keto group presence in the arjunolic \[[@bib39]\] acid with ETC system.

Apoptotic study with the Et Br/AO seemed that thenano size arjunolic acid responsible for the cellular death the by reddish- orange color stain and the live cellswith greenish colour of the population \[[@bib40]\]. In our study showsed the presence of reddish orange is more than the greenish in SA-AA treated group it means the SA-AA activated the apoptotic pathway of arjunolic acid.

Nuclear degeneration or morphology change studies with DAPI stain revealed that the SA-AA directly interacted with the Nucleus of MCF-7 &HeLa cells and stop further proliferation of cell and caused cancer cell death \[[@bib41]\].

Our results showed that both in MCF-7 and HeLa cells the SA-AA caused significantly elevation pre apoptotic cytokines TNF- α and IL12 and leads to apoptosis. It also noted that the SA-AA reduced the level of anti-apoptotic marker TGF-β and IL10 like other previous experiment on polypenolic compounds \[[@bib42]\].

The POF and NAC treatment showed that the SA-AA showed anticancer property through TNF- α and ROS generation because of the POF and NAC co-treated SA-AA did not showed that level of anticancer property like only SA-AA treated group, it inversely proved that SA-AA acts through TNF- α elevation and ROS production in cellular circumference of cancer cells \[[@bib43]\]. It proved that the SA-AA causes the TNF- α elevation in normal cancer cell killing. So it can assumed that SA-AA a liposome like nano organic substance easily fused with cells and rapidly entered in to the cell trigger c-Jun N-terminal Kinase pathway \[[@bib44]\] which elevated the TNF- α makes ROS generation ultimately causing the nuclear damage and membrane bubbling and damage leads to cancer cell death \[[@bib45]\].

6. Conclusion {#sec6}
=============

From this study we can conclude that AA has self-assemble property withnano range size. Due to this interesting property it is easily permeable to cancer cells and makes it nontoxic to normal cells. So this organic compound has great chances to act as a potent anticancer drug. Further *in vivo* study is needed before clinical application.
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